The long-chain 18-carbon fatty acids linoleic, oleic, and stearic acids, retronasally in vapor phase, are discriminated from blanks and each other. However, ability to linguistically identify them was unknown. To explore this, a Focus Group and then Check-All-That-Apply measures gave 9 identifiers for the 3 fatty acids plus phenylethyl alcohol (PEA) and geraniol. Next, participants selected 1 of the 9 identifiers from a computer-based display. It was found that the modal identification for linoleic acid was 23% "Rubbery" (next 18% "Oily" and "New Plastic"), oleic acid was 21% Oily (next 19% Rubbery), and stearic acid was 43% Rubbery (next 22% New Plastic), but linoleic acid received ~40% food-related identifiers. Geraniol was 96% "Lemon," and PEA was 67% "Flowers." Identifications for fatty acids differed significantly (P ≤ 0.05) from those for geraniol for most participants (86%) and from those for PEA for 59% of participants. Stearic acid identifications differed significantly from those for linoleic and oleic acids for 32% of participants. However, identification for linoleic acid differed significantly from those for oleic acid for only 14% of participants. Overall, retronasal vapor-phase stearic acid was identified differently from other 18-carbon fatty acids by a substantial minority of participants, but linoleic and oleic acids were not, suggesting that these 2 vapor-phase 18-carbon fatty acids can be identified retronasally as a group but not separately.
Introduction
Fatty acids are a group of carboxylic acids having relatively long hydrocarbon chains, with 10-30 carbons (Nawar 1985) . Foods often contain the long-chain, 18-carbon fatty acids such as linoleic, oleic, and stearic acids (Weiss 1983 , Ophardt 2003 , McGee 2004 , Chow 2007 , Shepherd 2011 . Linoleic and oleic acids are the major fatty acids, and often they are the majority components of frequently used vegetable oils (Lazos 1986 , Ophardt 2003 , Food Chemicals Codex 2012 , Gunstone 2012 , whereas stearic acid is found in some vegetable oils and is common in ruminant fats, including milk (Christie 2011) .
From a chemical point of view, an important difference among long-chain fatty acids is the degree of saturation, that is, the number of double bonds in the carbon chain (Christie 2011) . Although linoleic, oleic, and stearic acids all have 18-carbon chains, stearic acid differs from linoleic and oleic acids in that it is "saturated," that is, it has no double bonds. A shorthand designation for this structure is 18:0, with the value before the colon indicating the number of carbons and the value after the colon the number of double bonds. In contrast, oleic acid is monounsaturated, that is, it has one double bond (18:1), and linoleic acid is polyunsaturated, with 2 double bonds (18:2) (Ophardt 2003) . These differences between stearic acid and linoleic and oleic acids result in substantial structural divergence, with stearic acid having a potentially flexible configuration, whereas linoleic and oleic acids have rigid, bent configurations along the double bonds.
The structural/chemical differences between stearic, linoleic, and oleic acids relate to divergent roles in human physiology. Polyunsaturated linoleic acid is an "essential" fatty acid, which is required for human metabolic processes but not synthesized by humans from precursors (Nawar 1985 , Drake and Jump 2012 , Food Chemicals Codex 2012 . Once absorbed, linoleic acid makes possible the biochemical synthesis of crucial lipids (Horton, 1969 , Poyser 1973 , Ing and Belury 2011 . Ingestion of monounsaturated oleic acid, a major component of "Mediterranean diets," is associated with decreased cardiovascular risk and insulin resistance, and improvement in the state of endothelial tissues (Ryan et al. 2000) . Ingestion of the saturated acid "stearic acid" tends to not elevate and may lower the cholesterol content of high-density lipoproteins (Bonanome and Grundy 1988 , Pearson 1994 , Kris-Etherton 2012 .
These differences in human biochemical and cardiovascular responses to the 18-carbon, long-chain fatty acids such as linoleic, oleic, and stearic acids might suggest that chemosensory effects of vapor-phase presentations could also be distinctive. Previous studies reported that all 3 could be detected orthonasally and retronasally when presented as a vapor-phase component of an emulsion (Chalé-Rush et al. 2007 ) and were discriminated from blanks when presented in vapor phase from the diluted liquid (linoleic and oleic acids) or undiluted solid (stearic acid) acids, either orthonasally or retronasally (Bolton and Halpern 2010) . With retronasal presentations, per se, vapor-phase stearic acid was more readily discriminated from either linoleic or oleic acids than the latter 2 were discriminated from each other (Kallas and Halpern, 2011) . Conversely, when presented oral cavity only in vapor phase, oleic acid was discriminated from blanks, linoleic acid may have been discriminated (statistically significant if not Bonferroni corrected), but stearic acid was not discriminated from blanks (Wajid and Halpern 2012) . Overall, in vapor phase, the flexibly saturated stearic acid evoked human chemosensory responses that differed from those to the bent and rigid, nonsaturated linoleic and oleic acids. This suggests that if instead of discrimination tests a more demanding and more cognitive sensory measure were used with these fatty acids, specifically, ability to linguistically identify vapor-phase stimuli (see Doty et al. 1984 , Cain 1988 , Sekuler and Blake 1994 , Herz and Engen 1996 , Lehrner et al. 1999 , Coren et al. 2004 ), vapor-phase stearic acid might receive identifications that separate it from linoleic and oleic acids, whereas the latter 2 might be identified relatively similarly to each other.
One possible outcome of a psychophysical identification study of stimuli that were already known to be discriminable from each other would be an inability to linguistically identify any of the stimuli. This result could correctly indicate that insufficient sensory and/or language information was available to permit consistent selections of identifiers. However, a completely negative outcome might also suggest that the measuring procedures themselves were faulty. Inclusion of stimuli that had previously been found to be identifiable would permit this alterative conclusion to be evaluated. In this present study, this control condition was provided by including vapor-phase geraniol and phenylethyl alcohol (PEA) at concentrations that had previously been found to be sufficient for retronasal linguistic identifications (Chen and Halpern 2008 , Melville et al. 2009 , Li et al. 2010 .
The smell identification measurements of this present study employed a multiple-choice approach (see SulmontRossé et al. 2005) , in which on each trial, participants selected 1 identification from a predetermined array of 9 identifiers. There had been little prior information available concerning possible smell identifications of the 3 fatty acids to be studied. For example, sources gave the smell of oleic acid as "fat" (Acree and Arn, 2004) , as " . . . characteristic lard-like odor . . ." (Handler 1972 ), or as "roast mutton" (May 1970) , whereas a fourth source stated that oleic acid was "odorless" (Suzuki et al. 1986 ); in another source, the smell of stearic acid was given as "slight tallow-like odor" (O'Neil 2006) . Consequently, a Focus Group (see Eliot 2005 , Andrews 2007 , Krueger 2002 ) was done for vapor-phase retronasal linoleic, oleic, and stearic acids, plus geraniol and PEA, in order to secure a sufficient range of potential identifiers. Because a Focus Group may provide a number of potential descriptors with very low frequencies of use, the potential identifiers from the Focus Group were screened by Check-All-That-Apply (CATA) measures (see Ares et al. 2010 , Dooley et al. 2010 ) that resulted in a set of identifier choices that were employed in the Identification study.
Based on prior psychophysical reports and the chemistry and physiology of linoleic, oleic, and stearic acids, the hypotheses for linguistic identifications of these long-chain 18-carbon fatty acids, together with geraniol and PEA, of this present study were 1) the 3 fatty acids would receive identifications that differed from those for geraniol and PEA; 2) stearic acid would receive identifications that differed from linoleic and oleic acids; and 3) identifications for linoleic and oleic acids would not differ from each other.
Materials and methods
Participants were 36 paid volunteers (24 females, 12 males), ranging from 18 to 71 years of age, with an overall median of 21 years (semiquartile range = 2 years). Ages and gender distributions will be specified for the Focus Group, CATA, and identification components of the study (see below). Participants were nonsmoking, nonpregnant, and nonlactating individuals associated with Cornell University, over the age of 18, who could communicate in American English, recruited using posters and an online Web site (http://susan2. psych.cornell.edu/). These were the only exclusion and inclusion criteria used. No chemosensory screening of participants was done. The protocol was reviewed and approved by Cornell's University Institutional Review Board for Human Participants (IRB). Each potential participant read the IRBapproved informed consent form, asked any questions they had, and if they decided to participate in the study, signed the approved informed consent form. Participants were asked not to eat or drink anything except water for 1 h before a scheduled session. Participants were informed that the experiment would test their ability to smell.
Stimuli
All stimuli were used undiluted. The 3 fatty-acid stimuli were 1) linoleic acid The linoleic and oleic acids were kept in the dark under prepure nitrogen (≥99.998% pure nitrogen, see Tanaka et al. 1999 , DeMarceau 2012 at 4.5 °C. Stearic acid was stored in the dark at −18.5 °C. The PEA and geraniol were stored in the dark at room temperature. All stimuli were brought to room temperature, 21 ± 1 °C, before use.
Each presentation of a stimulus in a stimulus delivery container (SDC; see section "Stimulus delivery containers") had a volume of 5 mL for the liquid stimuli or a weight of 2 g for the solid stimulus (stearic acid, volume of 2.4 mL). In previous studies, 5 mL of diluted liquid fatty acids (linoleic or oleic) or 2g of solid stearic acid, presented in vapor phase, had been sufficient to permit 1) orthonasal and retronasal detection of the fatty acids (Bolton and Halpern 2010) ; 2) retronasal discrimination between them (Kallas and Halpern 2011); 3) oral-cavity-only discrimination between undiluted oleic acid and blanks (Wajid and Halpern 2012) ; and 4) perhaps (statistically significant if not Bonferroni corrected) oral-cavity-only discrimination between undiluted linoleic acid and blanks (Wajid and Halpern 2012) . In addition, 5 mL of 10% PEA in an SDC had been sufficient for vapor-phase retronasal identifications of PEA (Chen and Halpern 2008) , as had 5 mL of undiluted geraniol (Li et al. 2010) . In both the previous and the present studies, the stimuli just covered the bottom of the SDC.
Stimulus delivery containers
Vapor-phase stimuli were presented at 21 °C ± 1 °C in 118 mL, 5.1-cm high, black, homopolymer polypropylene elliptical containers having the shape of a frustum of an ellipsoid (Ellipso Portion Cups, Newspring Packaging; see Chen and Halpern 2008 , Parikh et al. 2009 , Stephenson and Halpern 2009 , Bolton and Halpern 2010 , Kallas and Halpern 2011 . The containers had tight-fitting homopolymer polypropylene transparent lids (Ellipso Portion Cups, Newspring Packaging; Chen and Halpern 2008 , Parikh et al. 2009 , Stephenson and Halpern 2009 , Kallas and Halpern 2011 , with two 5-mm holes made along its major axis. A 6.5-cm long, 5-mm outer diameter, 4.8-mm inner diameter homopolymer polypropylene straw (Jetware unwrapped plastic drinking straw, Jet Plastica Industries) was inserted 3.25 cm through one hole, perpendicular to the lid. Aluminum foil was wrapped on the lids to mask the SDC's contents. The black elliptical container plus aluminum-wrapped lid with holes and inserted straw constituted the SDC used in this study to present the fatty-acid stimuli, the geraniol, and the PEA. The straw sampled the headspace above the liquid (linoleic and oleic acids, geraniol, PEA) or the solid (stearic acid) stimulus in the container. This container had been named "odorant delivery container" in Chen and Halpern (2008) , Stephenson and Parikh et al. (2009) , with the acronym ODC. In Kallas and Halpern (2011) , Wajid and Halpern (2012) , and the present study, the term "stimulus delivery container" and the acronym SDC are used because of the possibility of trigeminal stimulation. For the SDC used in trials involving stearic acid, a 2.54-cm to 2.54-cm Kimwipe (low-lint, low-extractable scientific wipe; Kimberly-Clark) square was taped around the straw end inside the container to prevent possible particulate inhalation of stearic acid.
Nose clip
All stimulus presentation sequences began with the participant wearing a disposable Spiro nose clip (Nose Clip D1060, Spirometrics). The nose clip was removed prior to exhalation through the nose (see section "Retronasal smelling"). Each nose clip was used for 1 participant and then discarded.
Retronasal smelling
Prior to the start of a session, an experimenter demonstrated retronasal inhalation for participants using an empty SDC. Participants were instructed to keep the SDC horizontal during inhalation, thus avoiding any ingestion of liquid or solid stimuli through the straw. Next, the participant, holding an empty SDC horizontally, practiced putting on the nose clip, exhaling deeply through his/her mouth, placing his/her lips around the straw of the SDC, inhaling, removing the straw while keeping his/her lips closed, removing the nose clip, and then exhaling through his/her nose with his/her lips closed. On each data collection trial, participants followed the practiced sequence of nose clip on, exhaling from the mouth, holding the SDC horizontally while inhaling from the SDC's straw, removing the straw, maintaining closed lips, removing the nose clip, and exhaling from the nose. For the Identification group (see below), when participants removed their nose clip, they clicked the computer's cursor inside a displayed square, which produced a display of 9 identification words as the participant with lips closed exhaled through their nose.
Focus Group
Seven participants (2 males, 5 females, age range 18-21) who were not part of either the CATA or the Identification group retronasally smelled vapor-phase linoleic, oleic, and stearic acids, geraniol, and PEA from SDC, one stimulus at a time. For each stimulus, the participants discussed how the stimulus smelled to them. See Eliot (2005), Krueger (2002) , and Simon (1999) for general descriptions of focus groups. In the present study, participant's descriptions were written by an experimenter; no sound or video recordings were made.
Check-All-That-Apply
Seven participants (4 males, 3 females, age range 19-29) who were not part of either the Focus Group or the Identification group individually retronasally smelled vapor-phase linoleic, oleic, and stearic acids, geraniol, and PEA from SDC, one stimulus at a time. For each stimulus, CATA participants received a list of the potential descriptors produced by the Focus Group and were asked to check all that applied to that stimulus. A criterion was established to determine which potential descriptors would be used for the Identification group. The criterion was that a potential descriptor was checked, that is, considered to apply to that stimulus, by ≥3 of the CATA participants. The use of this criterion resulted in a total of 9 identifiers (Table 1) for the Identification group.
Identification group
Twenty-two participants (6 males, 16 females, age 21 ± 1.4 years [median ± semi-interquartile range], age range 19-71) who were not part of either the Focus Group or the CATA group, individually retronasally smelled vapor-phase linoleic, oleic, and stearic acids, geraniol, and PEA from SDC, one stimulus at a time. Each stimulus was smelled 4 times, randomized in groups of 5. Participants first practiced moving the computer's cursor inside a square centered on the computer display and were informed that when the cursor was clicked inside that square, a circular display of 9 linguistic labels (Table 1) would appear and that they were to select on each trial the identifier that best described the odor. Trials were separated by 2 min. For each trial, a participant pressed the computer's space bar when the participant was ready, then used the computer's mouse to move the cursor into a square centered on the screen, put on their nose clip, inhaled from the SDC, removed the nose clip, and then with lips closed exhaled through their nose as they clicked the cursor. Clicking the cursor inside the square produced a 9-choice display with the cursor positioned inside a central square, equidistant from all the identifiers. Each selection of an identifier was made by moving the cursor from the central square to a square next to 1 of the 9 identifiers (Table 1) and clicking the mouse. When the choice was made, the 9-choice display disappeared. The same 9-choice display was used on all trials for all participants.
Statistical analyses

Descriptive statistics
Overall identification percentages.
Across participants, the number of selections of each of the 9 identifiers for each of the 5 stimuli was counted (across the 22 participants, there were a total of 88 selections of identifiers for each stimulus) and was converted to a percentage of the total number of selections of each of the 9 identifiers for each of the 5 stimuli (Figure 1 ).
Overlap scores.
For each participant, the identifications they selected for 1 or more of the 5 stimuli, A, and the identifications they selected for a different stimulus, B, across all trials of those stimuli were compared for AB pairings. These comparisons permitted "overlap scores" to be calculated. The overlap score for each participant was the number of AB pairs in which the A and the B identifications were identical. Thus, for the comparison of linoleic and oleic acid identifications to stearic acid identifications, each identification by a participant for linoleic or oleic acids was denoted as an A response and each identification for stearic acid as a B response, so each participant gave 8 A responses and 4 B responses. For this analysis, each A response was paired with each B response, making 8 × 4 or 32 AB pairs. Thus, for the comparison of linoleic and oleic acid identifications to stearic acid, overlap scores for a participant could range from 0 to 32. Overlap scores were also calculated for comparisons between identifications selected for geraniol and the 3 fatty acids, for PEA and the 3 fatty acids, and between linoleic and oleic acids. The probability that each overlap score would occur by chance was subsequently calculated using simulations (see sections "Inferential statistics" and "Simulations" below).
Inferential statistics
The inferential statistical analyses were intended to address 4 observations contained in the descriptive statistics: 1) the percentage of "Lemon" identifications for geraniol was 95%, whereas the highest percentage of Lemon identification for any of the fatty acids was 3.4%, a 28:1 ratio; 2) the percentage of "Flowers" identifications for PEA was 67%, whereas the highest percentage of Flowers identification for any of the fatty acids was 3.4%, a 20:1 ratio; 3) the frequencies of identifications selected for linoleic and oleic acids appeared to be more similar to each other than either was compared with stearic acid; 4) The overlap scores (Table 2) suggested very little overlap in identifications between geraniol or PEA and the 3 fatty acids, substantial but not complete overlap between identifications for stearic acid and linoleic or oleic acids, and almost total overlap between the identification selected for linoleic and oleic acids. Therefore, the inferential statistical analysis focused on 4 binary comparisons: 1) between geraniol and the 3 fatty acids, 2) between PEA and the 3 fatty acids, 3) between stearic acid and the other 2 fatty acids, and 4) between linoleic and oleic acids. About 5 inferential statistical methods were employed (detailed below). They were the Pearson chi-square test for association (Hays 1981b) , the Fisher 2 × 2 test (Hays 1981c) , the binomial distribution (Hays 1981d) , the simulations (Ross 2006) , and the phi-coefficient correlations (Chedzoy 2006 ).
(i) The Pearson chi-square test for association (Hays 1981b ) was used to test for association between stimulus and response. Because this test is generally not recommended if the expected frequency in any cell falls below 5 (Hays 1981a) , when necessary several columns of a frequency table were merged to make all expected cell frequencies in the merged table exceed 5.
(ii) The Fisher 2 × 2 test (Hays 1981c ) was used to test for association in 2 × 2 frequency tables. (iii) The binomial distribution (Hays 1981d ) was used to test whether there were more people or responses in a specified category than would be expected by chance. (iv) Simulations (Ross 2006 , Darlington 2012 were used for 2 purposes: (a) To estimate the probability that the 22 observed overlap scores for each of the 4 binary comparisons were due to chance. To do this, for each participant for each of the 4 binary comparisons, a hypothetical population of identifications was constructed in which responses to A and B were identical. About 100 000 samples were drawn from this hypothetical population, and a computed overlap score was obtained for each sample. The proportion of these 100 000 computed overlap scores equal to or smaller than the observed overlap score was called PS for "probability of separation." PS measures the "probability of finding at least as much separation between A and B as was observed" under the null hypothesis that the separation is due to chance. (b) To assess whether the 4 participants who selected "Rubbery" to identify stearic acid exclusively (3 of these 4 participants) or almost exclusively (1 use for another fatty acid) differed in this respect from the other 18 participants more than would be expected by chance. To do this, first, a "stimulus" variable and a "response" variable, each with 2 categories, coded 0 and 1, were created for subsequent phi-coefficient correlation analysis. The "stimulus" variable, created for the fatty acids, coded the linoleic and oleic acid stimuli as 0, and the stearic acid stimulus as 1. For the "response" variable, identification of a fatty-acid stimulus as Rubbery was coded as 1; all other identifications were coded as 0. Second, for each of the 22 participants, a phi-coefficient was calculated to determine the correlation between the "stimulus" and the "response" variables for the 12 fatty-acid responses (4 stearic acid and 8 linoleic and oleic acid identifications). The 4 highest phi-coefficient correlations among the 22 participants were noted and averaged. Third, simulated populations of 22 "artificial people" were obtained by randomly dividing the 264 original fatty acid and identifier response pairs (3 stimuli × 22 participants × 4 identifier selections/participant/stimulus) into 22 "artificial people," each "artificial person" with 12 stimulus-response pairs (4 stearic acid and 8 linoleic and oleic acid identifications). This was done 100 000 times. As with the original fatty acid and identifier response pairs, each of the 100 000 "artificial people" simulated samples was coded into 0 and 1 "stimulus" Overlap probabilities ≤0.05 are shown in bold. Participants are listed in order of the probability that their overlap between the 3 FA and the geraniol would be due to chance. PEA = phenylethyl alcohol. Maximum possible overlap values are 48 for 3 FA versus geraniol or PEA, 32 for stearic FA versus linoleic and oleic FAs, 16 for linoleic FA versus oleic FA. Overlap = overlap score; P = PS = probability of separation-the probability of finding a separation of identifications between stimulus classes A and B at least as great as the observed separation.
and "response" variables, phi-coefficients calculated, and the 4 highest phi-coefficient correlations among the 22 "artificial people" noted and averaged. Fourth, the number of these 100 000 four highest phi-coefficient correlation means that equaled or exceeded the mean of the 4 highest phi-coefficient correlations of the original fatty acid and identifier response pairs was counted.
RESULTS
Descriptive statistics
Overall identifications
The identifier Rubbery was the modal identifier for both vapor-phase linoleic and stearic acids and the second most frequent identifier for oleic acid, although the frequency for stearic acid was almost twice that for linoleic acid and more than double the frequency for oleic acid (Figure 1 ). "Oily," which was the modal identifier for oleic acid, was the second most frequent identifier selected for linoleic acid, tied with "New Plastic" For stearic acid, Oily was the third most frequent identifier selected at a frequency less than half that for Rubbery. Lemon, the modal and predominant identifier selected for geraniol, was selected for the fatty acids on less than 4% of trials. In similar fashion, "Flowers" the modal and majority identifier for PEA, was selected for the fatty acids on less than 4% of trials. Conversely, the identifier New Plastic was never selected for geraniol, whereas Rubbery and Oily were selected at less than 3% of trials for geraniol. PEA was identified as Rubbery and as Oily on ~11% of trials and as New Plastic on 5% of trials. The lipid and food-related identifiers "Margarine" and "Olive Oil" were never selected for geraniol or PEA and were rarely selected (<4%) for stearic acid. Both Margarine and Olive Oil were selected at low rates (<6%) for oleic acid, but Olive Oil was selected at approximately twice that rate for linoleic acid. Other oil-related identifiers, for example, "Peanut Oil" and "Sunflower," were never selected for geraniol and at a low rate (<4%) for PEA. However, linoleic and oleic acids were 11-16% Sunflower and 8-11% Peanut Oil.
Overlap scores
For 19 of the 22 participants, the identifiers selected for geraniol had no overlap with those selected for linoleic, oleic, and stearic acids. The median overlap score between the geraniol identifiers and the fatty-acid identifiers was 0 of a possible 48 (Table 2) , a ratio of 0:48. For PEA, 11 of the 22 participants selected identifiers with an overlap score of 0 for the identifiers selected for the fatty acids, and 12 of the 22 participants had PEA overlaps scores of ≤1 with the identifiers selected for the 3 fatty acids. Across the 22 participants, the median overlap score between the PEA and the fatty-acid identifiers was 0.5 of a possible 48, a ratio of 1:96.
For stearic acid versus linoleic and oleic acids, 4 of the participants had identification overlap scores of 0, and a total of 11 participants had overlap scores ≤4 between identifiers selected for linoleic and oleic acids compared with identifiers selected for stearic acid (Table 2) . However, for the 11 other participants, the comparable overlap scores were ≥6. Across the 22 participants, the median overlap score between stearic acid and linoleic and oleic acid identifiers was 5 of a possible 32, a ratio of 1:6.4.
For linoleic acid identifiers compared with oleic acid identifiers, 2 participants had overlaps scores of 0. For the remaining 20 participants, as well as across all the 22 participants, the median overlap score for identifications of linoleic versus oleic acid was 4 of a possible 16, a ratio of 1:4.
Expected and observed identifier frequencies
The identifiers selected more often than expected for linoleic and oleic acids were Oily, Olive Oil, Margarine, Peanut Oil, Sunflower, Lemon, and Flowers, whereas the descriptors selected more often than expected for stearic acid were Rubbery and New Plastic (Table 3 ). The identifiers selected less often than expected for linoleic and oleic acids were Rubbery and New Plastic. The identifiers selected less often than expected for stearic acid were Oily, Olive Oil, Margarine, Peanut oil, Sunflower, Lemon, and Flowers. Table 3 Across the 22 participants, counts of the number of times each of the 9 available identifications were selected for linoleic or oleic fatty acids on 8 identification trials per participant, the number of times each of the 9 available identifications was selected for stearic fatty acid on 4 identification trials per participant, expected values for each identification and stimulus cell (in parentheses), and row and column totals Linoleic = linoleic fatty acid; Oleic = oleic fatty acid; Stearic = stearic fatty acid. Expected oleic or linoleic value = (176/264) × column total; expected stearic value = (88/264) × column total.
Inferential statistics
Fisher 2 × 2 test Fatty acids versus geraniol or PEA Lemonor Flowers identifier frequencies.
About 84 of the 88 responses to geraniol, but only 8 of the 264 responses to fatty acids, were Lemon. By the Fisher 2 × 2 test, this difference is significant with P = 3.831E-66. For PEA, 59 of the 88 responses to PEA, but only 6 of the 264 responses to fatty acids, were Flowers. By the Fisher 2 × 2 test, this difference is significant with P = 9.169E-38.
Selective use of the Rubbery identification.
A Fisher 2 × 2 test contrasting the Rubbery response to all other identifications, and associating this response dichotomy to the stearic acid versus other fatty-acid dichotomy, yielded P = 0.00018. About 6 of the 22 participants always identified stearic acid as Rubbery: 3 of these participants never used Rubbery for linoleic or oleic acids, 1 selected Rubbery once for another fatty acid, whereas 2 of them used Rubbery several times for linoleic or oleic acids. With the 4 stearic-Rubberyonly or almost-only participants removed, a Fisher 2 × 2 test contrasting the Rubbery response to all other responses and associating this response dichotomy to the stearic acid versus other fatty-acid dichotomy gave P = 0.239.
Pearson chi-square 2 × 7 tests of identifier frequencies
Merging columns.
For linoleic, oleic, and stearic acids, the expected frequencies for the Margarine, Lemon, and Flowers identifiers were each < 5. Consequently, the frequencies of these 3 columns were merged, resulting in 2 × 7 frequencies tables in place of the initial 2 × 9 (A vs. B stimuli and 9 identifiers) tables.
Linoleic acid versus oleic acid identification.
For this 2 × 7 chi-square analysis, A = linoleic acid identifier frequencies; B = oleic acid identifier frequencies; chi square = 5.1021, df = 6, P = 0.531.
Stearic acid versus linoleic and oleic acid identifications.
In this 2 × 7 chi-square analysis, A= stearic acid identifiers frequencies; B = linoleic and oleic acid identifier frequencies. Total N = 264 identifications (3 stimuli × 22 participants × 4 identifier selections/participant/stimulus); chi square = 22.1909, df = 6, P = 0.001. About 6 of the 22 participants always identified stearic acid as Rubbery: 3 of these participants never used Rubbery for linoleic or oleic acids, 1 selected Rubbery once for another fatty acid, whereas 2 of them used Rubbery several times for linoleic or oleic acids. With the 4 stearic-Rubbery-only or almost-only participants removed, N = 216 (3 stimuli × 18 participants × 4 identifier selections/participant/stimulus), chi square = 8.1175, df = 6, P = 0.23.
Simulations
PS: computed overlap scores versus overlap scores
For the 19 participants who selected identifiers for geraniol with no overlap with the identifiers that they selected for linoleic, oleic, and stearic acids, PS, the probability that this degree of overlap would occur by chance, was ≤0.005 (Table 2 ). For the 12 participants who selected identifiers for PEA with overlaps scores of ≤1 with the identifiers that they had selected for the 3 fatty acids, PS was ≤0.019. For stearic acid versus linoleic and oleic acid identifications, PS was ≤0.016 for the 8 participants with overlap scores ranging from 0 to 4 and a median overlap score of 0 (Table 2) . However, for the remaining 14 participants, PS for stearic acid versus linoleic and oleic acid identification was ≥0.055.
With linoleic acid versus oleic acid identifiers, 19 of the 22 participants had a median overlap score of 4 of a possible 16, and PS was ≥0.054.
Assessment of whether the participants who selected Rubbery to identify stearic acid differed in this respect from the other 18 participants more than would be expected by chance.
The 4 highest phi-coefficient correlations among the 22 participants between the stimulus (stearic acid or linoleic and oleic acids) and the response (Rubbery or other identifications) variables for the 12 fatty-acid responses were 1.0, 1.0, 1.0, and 0.837 (corresponding to the 4 participants who always selected Rubbery for stearic acid and never or almost never for the other fatty acids), with a mean of 0.959. The 4 highest phicoefficient correlations for 99 999 samples of the 100 000 simulated "artificial people" populations obtained by randomly dividing the 264 original fatty acid and identifier response pairs into 22 "artificial people" had the mean of their 4 highest phicoefficient correlations <0.959. It follows that 4 participants consistently selecting a specific identifier (Rubbery) for stearic acid but not for other fatty acids, whereas the other 18 participants do not, is very unlikely to occur by chance.
Discussion
Identifications of vapor-phase linoleic, oleic, and stearic acids
Previously reported chemical and physiological differences between unsaturated linoleic and oleic 18-carbon acids versus saturated 18-carbon stearic acid, together with prior reports of divergent psychophysical responses to these fatty acids when smelled in vapor phase, had suggested that identifications of vapor-phase stearic acid might differ from those for vapor-phase linoleic and oleic acids. From the same observations, it was proposed that for both vapor-phase linoleic and oleic acids when smelled retronasally, similar identifications might be selected. The present data support both these hypotheses. For stearic versus linoleic and oleic acids, overall, selection of Rubbery as an identification for stearic acid differed significantly from selection for linoleic or oleic acids. However, it should be noted that this difference was dependent on a minority of the participants (18-36%, depending on the measure). Thus, it appears that although some individuals consistently select, for retronasal vapor-phase stearic acid, identifications that are different from both linoleic and oleic acid identifications and are specifically Rubbery, the majority of individuals do not. Conversely, for linoleic and oleic acids, selection of shared identifications is the pattern for most participants. Of course, because these 2 fatty acids can be discriminated retronasally (Kallas and Halpern 2011) , it remains possible that participants could be trained to select different linguistic identifications for linoleic and oleic acids.
Fatty acids and geraniol
Geraniol had been included in the stimulus array as a means of determining whether the general procedures were faulty. That is, it was already known that vapor-phase geraniol had received a consistent linguistic identification: Lemon (Melville et al. 2009 , Hausch 2010 , Li et al. 2010 . A secondary consideration had been that geraniol is a known trigeminal (specifically TRPM8 agonist) stimulus, thus providing a control for the possibility that geraniol and vapor-phase fattyacid trigeminal stimuli (oleic and perhaps linoleic acids) might receive similar identifications (Wajid and Halpern 2012) . For the present study, retronasally smelled geraniol was identified as Lemon on 96% of trials, thus confirming that at least for this vapor-phase stimulus, linguistic identifications were consistent and very selective. Perhaps of more interest is the level of difference between identifications of geraniol and the fatty acids. Eighty-six percent of participants (19 of 22) had no overlap in identifiers selected for geraniol versus linoleic, oleic, and stearic acids, with a very small likelihood that this absence of overlap could be due to chance (P ≤ 0.005). In agreement with this almost total difference in identifiers for geraniol versus the 3 fatty acids, one of the predominant identifiers for vapor-phase fatty acids, New Plastic was never selected for geraniol, whereas the other 2, Rubbery and Oily, were only rarely selected (<3% of trials). We conclude that retronasally smelled vapor-phase linoleic, oleic, and stearic acids receive linguistic identifications that are almost completely different from those selected for geraniol.
Fatty acids and PEA
As was the case with geraniol, PEA had been included as a check on the ability of the procedures to elicit differential identifications. In addition, PEA is considered a purely olfactory stimulus (e.g., Chen and Halpern 2008) , thus eliminating any possible trigeminal contribution. In general, a flower-associated identification is expected for vaporphase PEA (Acree and Arn 2004, Chen and Halpern 2008) , whereas for the present study, selection of the identifier Flowers was anticipated. This identification was selected for PEA on approximately two-thirds of the trials, and a majority of participants (13 of 22) selected identifiers that differed significantly from those selected for the fatty acids (P ≤ 0.008). Surprisingly, PEA was identified as Oily or Rubbery on approximately 11% of trials; these frequencies were much higher than those for geraniol. Perhaps PEA is a more complex retronasal stimulus than has been recognized.
Fatty acid identifiers and flavor
Because linoleic and oleic acids are the major and often the majority components of frequently used vegetable oils (Ophardt 2003 , Food Chemicals Codex 2012 , Gunstone 2012 , it might have been expected that food-related identifiers would be the majority of those selected. This was not observed. Instead, for linoleic acid the modal identifier was "Rubbery", with the percentages of "New Plastic" and "Oily" identifications only a little less than the percentage of "Rubbery" identifications. Oily was the modal identifier for oleic acid (21%) but only slightly ahead of Rubbery at 19% of all identifiers selected. These data may raise questions concerning the role of vapor-phase linoleic and oleic acids, smelled retronasally, in human flavor perception during eating.
One possible reason for the extensive selection of Rubbery and new plastic as identifiers for vapor-phase linoleic and oleic acids could be that insufficient or inappropriate identifiers were available. The Focus Group and CATA procedures that developed the identifiers did provide food-related identifiers such as Olive Oil, Margarine, Peanut Oil, and Sunflower, as well as Oily. All of these identifiers were available on every trial and the identifiers that were more frequently selected for these long-chain, 18-carbon fatty acids.
Perhaps a broader examination of the identifiers selected for the fatty acids is needed. Of the available food-related identifiers, Oily was selected on approximately one-fifth of fatty acid trials, perhaps suggesting that previous oil-related reports in the literature (Handler 1972 , Acree and Arn 2004 , O'Neil 2006 are useful, although not capturing the most frequent identifications. However, if the frequency of Oily identifications is combined with those for Olive Oil and Sunflower, more than 40% of all identifier selections for linoleic acid are represented, implying that as an vapor-phase retronasal stimulus chemical, linoleic acid has appreciable aspects that could contribute to food-related flavors. This is compatible with linoleic acid being " . . . the major constituent of many vegetable oils, including cottonseed, soybean, peanut, corn, sunflower seed, safflower, poppy seed, and linseed." (Food Chemicals Codex 2012) . Of course, under typical conditions, the vegetable oils of which linoleic acid is the major component would be eaten as part of complex food systems, which often have different flavor characteristics that do isolated components (e.g., Philippe et al. 2003) .
Vapor-phase 18-carbon fatty acids as trigeminal stimuli
There are both psychophysical and molecular physiological observations that suggest that some 18-carbon fatty acids, in vapor phase, may elicit trigeminal neuron responses. Psychophysically, orthonasally presented vapor-phase linoleic acid, from an emulsion, was lateralized (Chalé-Rush et al. 2007) . That is, which nostril received the linoleic acid was detected at a statistically significantly level. Such lateralization is often considered to be dependent on trigeminal rather than olfactory stimulation. For the oral cavity trigeminal system, vapor-phase oleic acid was discriminable from a blank, and perhaps (statistically significant if not Bonferroni corrected) linoleic acid was discriminable from a blank, but vaporphase stearic acid was not discriminable from a blank (Wajid and Halpern, 2012) . At a molecular level of measurement, linoleic acid has been reported to inhibit a specific trigeminal neuron channel: the TRPM8 channel (Parnas et al. 2009 ). It is conceivable that this action of linoleic acid could be a mechanism by which trigeminal-nerve-based responses to this fatty acid occur. It may be suggested that vapor-phase unsaturated linoleic and oleic acids are trigeminal, as well as olfactory stimuli, perhaps primarily involving the nasal cavity branch for linoleic acid and the oral cavity trigeminal innervation for oleic acid. In contrast, it may be that saturated stearic acid is only an olfactory stimulus.
In conclusion, vapor-phase linoleic, oleic, and stearic acids, smelled retronasally, received linguistic identifications that were consistently different from those selected for vapor-phase geraniol and different on the majority of trials from the identifiers selected for vapor-phase PEA. Stearic acid was identified differently from linoleic and oleic acids by approximately one-third of participants, but linoleic and oleic acids almost always received the same identifications. This difference between stearic and oleic and linoleic acids was suggested from the saturated status of stearic acid versus the unsaturated nature of linoleic and oleic acids, and the resulting differences in flexibility. The majority of the identifications for the 3 fatty acids were Rubbery, New Plastic, and Oily, with the proportion of Rubbery for stearic acid about twice that for linoleic and oleic acids. However, approximately 40% of all identifiers for linoleic acid were food related, suggesting that when smelled retronasally, this major component of vegetable oils can make an important contribution to flavor.
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